Self-control can be defined as the choice of a larger
affects self-control in adult humans (Forzano & Logue, 1994 , 1995 odum & Rainaud, 2003; Takahashi & Masataka, 2008) . For example, previous research has shown that participants tend to exhibit exclusive self-control when points exchangeable for money are used as the reinforcer (Logue et al., 1990; Logue, Peña-Correal, Rodriguez, & Kabela, 1986 ) ; however, when food is used as a reinforcer, participants demonstrate significantly more impulsiveness relative to when monetary-based reinforcers are used (Forzano & Logue, 1994) , and increased individual variation ranging between exclusive self-control and exclusive impulsiveness (Forzano & Logue, 1992) . one potential explanation for humans' increased impulsiveness toward food reinforcers as compared to monetary reinforcers that has been put forth is the cephalic phase hypothesis (Forzano & Logue, 1994; Logue, 1995; Logue & King, 1991) . This hypothesis suggests that the availability of food during an experimental session causes an elevation in a participant's insulin levels. Higher insulin levels would then decrease blood sugar levels and increase hunger in the participants, thus making self-control less likely (Logue, 1991) . This hypothesis is congruous with previous research showing that participants who are more physiologically susceptible to food cues tend to show less self-control for food reinforcers (Forzano & Logue, 1992; Rodin, 1980) . This may be due to exaggerated cephalic phase responses in individuals who are more externally responsive to sensory cues (Rodin, 1985) . This hypothesis is also consistent with the results of another study, wherein participants demonstrated more impulsivity for food reinforcers that could be consumed immediately (i.e., during the experimental session) than for reinforcers involving delayed consumption (such as points exchangeable for juice or points exchangeable for money at the end of the experimental session; Forzano & Logue, 1994) . These results suggest that availability of food during the experimental session (i.e., stimuli associated with food) causes an elevation in a participant's insulin levels.
In 1998 Forzano and Corry conducted an experiment to examine the effects of food cues on adult human females' self-control. each participant was exposed to two conditions: visual food cues present and visual food cues absent. Although a main effect of food cues was not found, examination of varied individual data suggested that exposure to visual food cues influenced the choice behavior for food reinforcers of some adult human females; that is, the results indicated that the food-cue manipulation had different effects on the food-deprived self-reported dieting and nondieting participants. overall, the dieters tended to exhibit somewhat less self-control when food cues were present than when food cues were absent. In contrast, overall, nondieters seemed not to change their choices as a function of food-cue manipulation.
Another possible explanation for the individual differences in proportion of self-control obtained when food is the reinforcer may be related to individual differences in the participants' food and water deprivation prior to participation in the experiment. Although all participants consumed no food or water for a set number of hours prior to the self-control experiments, previous research shows that, perhaps through past dieting, some participants may actually be more deprived than other participants, and dieting participants' perception of their own hunger may be greater (Forzano & Logue, 1992) . The cephalic phase hypothesis is consistent with this research demonstrating that self-reported dieters demonstrate less self-control for food reinforcers than nondieters (Forzano & Logue, 1992; Logue & King, 1991) . It has been suggested that this occurs because selfreported dieters are more food deprived than nondieting participants and thus will act more impulsively (Logue & King, 1991) . Specifically, participants who are very hungry when they arrive for a session may be unable to wait for a larger amount of food reinforcer, so that they choose the smaller amount of food available immediately. Such behavior would be adaptive in situations in which delayed events involving food are unlikely to occur, as may have happened frequently when humans were evolving (Logue, 1995) . experiments with nonhumans in which deprivation level was directly manipulated have shown mixed results: Increased deprivation level has been reported to be associated with greater self-control (Bradshaw & Szabadi, 1992) , to be associated with less self-control (eisenberger & Masterson, 1987; eisenberger, Masterson, & Lowman, 1982) , or to have no effect on choice (Logue & Peña-Correal, 1985) . Kirk and Logue (1997) conducted an experiment to examine the effects of food deprivation on adult human females' self-control. each participant was exposed to two conditions: consumption of a tomato soup preload just prior to self-control testing (the less deprived condition) and no soup preload (the more deprived condition). When participants consumed the soup, they were significantly less deprived and showed significantly more selfcontrol as compared to when they did not consume the soup. Note that the cephalic phase hypothesis is consistent with Kirk and Logue's (1997) results, which demonstrated that when participants were more food deprived (i.e., hungrier), they exhibited less self-control for food than when they were less deprived. It should be noted, however, that participants' self-control choices were not consistent with the amount of juice consumed. More specifically, although Kirk and Logue found less self-control (i.e., choosing a smaller, less delayed reinforcer) when participants were deprived, in contradiction, Kirk and Logue reported that when participants were deprived, they consumed more juice than when not deprived.
In summary, experiments have examined, separately, the effects of food cues on self-control (Forzano & Corry, 1998) and the effects of food deprivation on self-control (Kirk & Logue, 1997) . However, no experiment has jointly examined these variables. Therefore, the purpose of the present experiment was to examine the interactive effects of visual food cues and food deprivation on the choices made by adult human females in a self-control paradigm. More specifically, the present experiment compared self-control in adult human females when visible food cues were present and absent, and when participants were food deprived and not deprived, using a within-subject design.
The present experiment combined the manipulations of the Forzano and Corry (1998) and the Kirk and Logue (1997) experiments. As done in Forzano and Corry's experiment, food cues were manipulated visually with a window that could be covered with a panel. Uncovered, the window allowed a cup of juice to be visible to the participant. As done in Kirk and Logue's experiment, food deprivation was manipulated by giving participants a tomato soup preload. Tomato soup has been utilized effectively in a number of studies to manipulate hunger (Kissileff, Gruss, Thornton, & Jordan, 1984) .
method participants
The participants were women ranging in age from 18 to 21 years. All participants were nondieters who were defined as not currently restricting what they ate in order to lose weight. All participants were recruited at the College at Brockport, State University of New York by posted advertisements on campus, and were experimentally naive. The participants were interviewed by phone and asked to rate on 9-point scales how much they liked both apple juice and tomato soup. A participant had to rate both a 6 or higher to be included in the experiment. Participants were scheduled to come in approximately 4 hours (plus or minus an hour) after their normal awakening time and were instructed to not eat, drink, or exercise during this time. The phone screening and deprivation procedure used were identical to those used by Kirk and Logue (1997) . Informed consent was obtained from all participants. All were paid $7 for each session and received juice for their participation. apparatus experimental sessions were held in a windowless chamber 2.15 m by 2.26 m that contained a single chair and two tables. on the larger table, facing the chair, was the apparatus (see Figure 1) . The apparatus was a wooden box, 79.5 cm high, 78.5 cm wide, and 53.5 cm deep, that was open in the back. The apparatus was used to measure self-control using juice reinforcers and was very similar to the apparatus used by Logue and King (1991) and Forzano and Logue (1992) . The apparatus was identical to that used by Forzano and Corry (1998) . Three 25-W lights sat on the top front edge of the apparatus. The left bulb could be illuminated green; the center light, wh ite; and the right light, red. The front of the apparatus displayed an aluminum panel 79.5 cm high and 56.0 cm wide. This panel contained an aluminum rod (the manipulandum) and the experimental stimuli. The rod was 1.2 cm in diameter, was 14.5 cm from bottom of the apparatus, protruded 14 cm from the panel, and was equidistant from both sides of the apparatus. The rod required a minimum force of 10N to activate a response and could be pushed 4.0 cm to the left or right. A translucent Plexiglas disk, 4 cm in diameter, was placed on each side of the rod, and the left disk could be illuminated green and the right disk, red.
A hole 23.4 cm above the rod and 1.2 cm in diameter allowed a sterilized aluminum straw to protrude through the front of the apparatus during periods of reinforcer access. The straw was bent at a 90º angle 5 cm from its tip, and was 0.5 cm in diameter and 14 cm in total length. The other end of the straw was submerged in a 16-oz. plastic disposable cup and was attached to an aluminum arm that moved forward when a solenoid operated during the reinforcer access periods. This forward movement caused the straw to project 1.5 cm through the hole that then allowed the participant to gain access to the juice by sucking and drinking from the straw. At all other times the straw was recessed behind the panel and the participant could not gain access to it. The cup contained 400 ml of Mott's® apple juice and was refrigerated prior to the participant's session at approximately 20°C.
A clear Plexiglas window, 9.5 cm by 9.5 cm, was located 7.7 cm above the green disk and could be covered with an aluminum panel 12.5 cm by 12.5 cm. When the panel was not in place, the Plexiglas window allowed view of a full cup of apple juice, which was different from the cup of juice that the participant drank from. When the metal panel was placed over the Plexiglas window, the cup of juice was not visible.
Adjacent to the table where the apparatus sat was a smaller table, where a noise generator and speaker were placed. The white noise helped mask any outside noise distractions from the participant. A Gateway 2000® computer located outside of the room recorded responses and controlled the apparatus using a CoNMAN program (Lucas, 1988) .
materials
The 24-Hour Food Consumption and Exercise Questionnaire (Kirk & Logue, 1997 ) asked a participant to list everything she ate and drank in the past 24 hours, the quantities of the portions, and at what time she consumed the item. It also asked what type of exercise was done in the past 24 hours, how much, and at what time it was done. Finally, the questionnaire asked what time the participant had awoken that morning. This questionnaire was used to ensure that the participant had not eaten, drunk, or exercised from the time she awoke to her arrival at the lab, and to ensure that the participant was arriving 4 hours (plus or minus an hour) from her awakening time.
The Hunger Questionnaire (Kirk & Logue, 1997 ; see Appendix A) asked a participant to rate, on a scale from 1 to 9 (1 = not at all, 9 = very much), how hungry she was, how much the participant wanted the tomato soup, and how much she wanted the apple juice. A participant completed these three ratings five times each session.
The Satiation Questionnaire (Forzano & Corry, 1998; Forzano & Logue, 1992 ; see Appendix B) asked a participant to rate how much she wanted the juice during the self-control testing. A rating of 1 represented not at all, and a rating of 9 represented extremely. A participant was instructed to rate how much she wanted the juice by circling a number after each drink.
The Daily Postsession Questionnaire (Forzano & Corry, 1998; Forzano & Logue, 1992 ) asked a participant various questions about the session pertaining to the choices she made and how she believed the juice became available.
procedure each participant was exposed to five conditions-one training condition and four experimental conditions using a within-subjects design. Condition 1 was a training condition session where there was no consumption of a preload serving of tomato soup prior to self-control testing and visual food cues were absent during self-control testing. In one experimental condition, participants consumed a preload serving of tomato soup prior to self-control testing and visual food cues were present (i.e., the aluminum panel on the front of the apparatus was removed, allowing participants to view through a Plexiglas window a whole cup of juice behind the panel) during self-control testing (no food deprivation and food cues present condition). In a second experimental condition, participants consumed a preload serving of tomato soup prior to self-control testing and visual food cues were absent (i.e., the aluminum panel on the front of the apparatus was in place, allowing no view of the cup of juice placed behind the panel) during self-control testing (no food deprivation and food cues absent condition). In a third experimental condition, participants did not consume a preload serving of tomato soup prior to self-control testing and visual food cues were present during self-control testing (food deprivation and food cues present condition). In a fourth experimental condition, participants did not consume a preload serving of tomato soup prior to self-control testing and visual food cues were absent during selfcontrol testing (food deprivation and food cues absent condition). For each experimental condition, there were two sessions to control for position and color bias; one session programmed the self-control alternative for the left choice, and the other, for the right. To control for order effects, the participants were randomly assigned to one of four different orders of conditions.
The contingencies for each session are shown in Table 1 . Condition 1 was a training condition for both left and right alternatives, where reinforcer delays and amounts were set at 6 s for each alternative. For the experimental conditions (Sessions 2-9), a 60-s delay was followed by 9-s access to juice (the self-control alternative), and for the other alternative a 1-s delay was followed by 3-s access to juice (the impulsive alternative). To control for position and color biases, half of these sessions programmed the self-control alternative for the left choice, and half for the right choice. Note that Table 1 presents the conditions of the experiment for order 1. Food cues present, with food deprivation 6 60 9 1 3 7 1 3 60 9
Food cues absent, with food deprivation 8 60 9 1 3 9 1 3 60 9
Note. The values for amount and delay represent time in seconds.
At the beginning of each session, each participant completed rating 1 of the Hunger Questionnaire and the 24-Hour Food Consumption and Exercise Questionnaire. We then asked participants to remove all jewelry and to leave all electrical devices with the experimenter, explaining that metal interfered with the equipment. This was done to ensure that participants had no access to a timing device during the experiment in order to simulate as much as possible the conditions to which nonhuman participants were exposed. In addition, removal of electronic devices (e.g., phones, pagers, palm pilots) eliminated the potential for distraction.
The participant was then escorted to another room (2.13 m x 3.05 m and 12.7 cm) that contained a chair and table, with a timer placed on the corner of the table. For food-deprivation conditions (i.e., no soup), the participant was asked to have a seat and then fill out rating 2 of the Hunger Questionnaire. The experimenter waited outside the room, then returned, set the timer, took the questionnaire, and told the participant that she would return in 12 min. The experimenter left and closed the door.
For no-food-deprivation conditions (i.e., soup), the methodology used was identical to that used by Kirk and Logue (1997) . In addition to the timer on the table there was a half-gallon pitcher of cold drinking water; a clear plastic disposable 8-oz cup; a 20-oz plastic disposable bowl; a napkin with a plastic disposable tablespoon on top; a spoon rest with a ladle on it; and a hot plate (see Figure 2 for the table arrangement). The participant was asked to fill out rating 2 of the Hunger Questionnaire. The experimenter returned carrying canned tomato soup (500 g) in a clear 1.5-L Pyrex bowl, wearing a pair of disposable gloves, and placed the bowl onto a hot plate. The tomato soup was prepared as directed on the label (i.e., it was emptied into a microwavable bowl, one can of water was added, and it was stirred and heated for 3 min and 30 s in a microwave, until the temperature reached 60º C). The participant was given instructions to consume all of the soup in the next 10 min, and to drink as much water as she wanted. The participant was then told that the experimenter would return in 10 minutes, and the experimenter then left the room and closed the door.
When the 10 min had ended, the experimenter returned to the soup room with disposable gloves on and a tray and confirmed that all soup was consumed. If the soup was consumed entirely, the experimenter removed all items from the table except the timer. Two minutes following the soup preload, the participant was asked to complete rating 3 of the Hunger Questionnaire. If the participant had not consumed the soup entirely, it was explained that it was necessary that all the soup be consumed, and the participant was asked if she could finish it. If the participant said no, she was informed that the experimenter would need to stop the experiment. If the participant said that maybe she could consume all of the soup the next time, the session was rescheduled. Participant 3 did not finish the soup in Session 7 and was rescheduled. If the participant said, yes, she could finish the soup, the experimenter left the room and noted how much time it took the participant to finish eating. Participant 7 took 3 more min to consume soup in Session 6. The experimenter then returned with disposable gloves on and a tray and removed everything from the table except the timer; she left and returned with the Hunger Questionnaire, asking the participant to fill out rating 3. The participant was next escorted into the experimental room with the apparatus and was asked to have a seat and to read a set of minimal instructions posted on the wall. These instructions were identical to those used in previous experiments (Forzano & Corry, 1998; Forzano & Logue, 1992 : Logue & King, 1991 . Instruction contingencies were kept to a minimum because prior research has shown that under certain conditions, with minimal instructions, humans may show more sensitivity to the scheduled contingencies (Matthews, Shimoff, Catania, & Sagvolden, 1977; Shimoff, Catania, & Matthews, 1981) .
Pitcher
The participant was then verbally assured of the sterility of the apparatus and the metal straw, that the apple juice was fresh and cold for each session, and that a brand new disposable cup was used for each session. The participant was also told that she could touch anything on the metal panel to earn access to the juice. For the first session, the participant was shown where the straw would come out, and was instructed to drink from it like a regular straw. It was then explained that white noise was playing in the background to keep out any outside noise. Next, the Satiation Questionnaire was described. The participant was instructed to rate how much she wanted the juice right after the experimenter left the room and then after each drink. The participant was shown how to exit the room if needed, and was told that the lights would be shut off and that when the apparatus lights came on, the study would begin. Then the experimenter turned off the lights and closed the door. There was no further contact between the participant and the experimenter until the end of the experimental session.
each session consisted of 19 th ree-m i n tria ls scheduled usi ng a discrete-trials procedure (for use of identical procedures, see Forzano & Corry, 1998; Forzano & Logue, 1992; Kirk & Logue, 1997; Logue & King, 1991) . The intertrial interval (ITI) varied in duration such that frequency of reinforcer-access periods was kept constant at one reinforcer access period per 3 min, regardless of the participant's choices, and session time was precisely 57 min.
The first four trials of each session were forced-choice trials (only one alternative was available and effective). The forced-choice trials ensured that the participants were exposed to the contingencies for both left and right rod pushes. The remaining 15 trials were free-choice trials for which both response alternatives were available.
At the beginning of a free-choice trial, the white houselight was lit and the left and right disks were transilluminated green and red. If the rod was pushed to the left, the white houselight and both disks were darkened, the green houselight was lit, and a reinforcer delay period began. This was followed by the amount period of access to the straw. Following the amount period, the white houselight was again illuminated and an ITI began. The ITI was adjusted so that regardless of a participant's choice, there were always 3 min between the start of one trial and the start of the next. The next choice period began when both disk lights were again transilluminated. The sequence of events following a right rod push was similar, except that a red houselight was used. The sequence of events for forcedchoice trials was the same except that only one disk was illuminated and only a response in that direction was effective.
Following the experimental session, the participant was escorted out of the experimental room and completed rating 4 of the Hunger Questionnaire and then the Daily Post Questionnaire. The participant was then asked to fill out the final rating (5) of the Hunger Questionnaire. Participants were exposed to one session per day, approximately 3 days a week.
results
A preliminary analysis was conducted to determine if the duration of access to juice was correlated with the amount of juice consumed. This was conducted by comparing the mean number of self-control responses for each of the four experimental conditions with the mean amount of juice consumed for each of the four experimental conditions. eight participants were excluded from further analyses because the amount of juice consumed was not at least moderately correlated (r = .3; see Cohen, 1988) with the duration of access to the juice. All additional analyses were performed using the data from the free-choice trials for each of the experimental conditions (Sessions 2-9) for 11 participants.
Between two and four of the remaining participants were exposed to each of the conditions in each of the four orders. For each of the experimental conditions (no food cues, deprivation; no food cues, no deprivation; food cues, deprivation; and food cues, no deprivation conditions), statistical analyses revealed no significant differences in the proportion of self-control for any of the reversal conditions, that is, sessions during which the self-control alternative was on the left compared to when it was on the right (sessions 2 and 3, sessions 4 and 5, sessions 6 and 7, sessions 8 and 9). Therefore, the data from each of the reversal conditions were combined for each experimental condition.
A three-way ANoVA was conducted to examine the effects of deprivation, the presence of food cues, and the order of these conditions on the proportion of self-control responses. The results yielded a significant effect of deprivation, F(1, 7) = 12.2, p = .01; no significant effect of food cues, F(1, 7) = 4.5, p = .07; and no significant effect of order, F(3, 7) = 2.9, p = .11. A significant interaction between food cues and deprivation, F(1, 7) = 10.7, p = .01, was also found; however, no significant interactions were found between food cues and order, F(3, 7) = 2.4, p = .15; deprivation and order, F(3,7) = 0.33, p = .80; and food cues, deprivation, and order, F(3, 7) = 0.85, p = .51. Given that no significant main effects of order or any significant interaction that involved order was found, the data were collapsed across order for the remainder of the analysis. Figure 3 shows the means and confidence intervals of the proportion of self-control responses for each of the four experimental conditions: food cues present, no deprivation; food cues present, deprivation; no food cues present, no deprivation; no food cues present, deprivation. The proportion of self-control was significantly greater when participants were food deprived compared to when they were not food deprived when no food cues were present t(10) = 3.99, p < .01. This was significant when compared to a corrected critical value at the .01 level of S = 3.49 derived from a Scheffé test based on significant interactions in factorial designs (Hayes, 1991) . The proportion of self-control was not significantly greater when participants were food deprived compared to when they were not food deprived when food cues were present, t(10) = 1.97, p = .08; however, the results were in the same direction as in the no food cues present conditions. The proportion of self-control tended to be less when food cues were absent than when they were present when participants were not food deprived, t(10) = -2.25, p < .05; however, this value failed to reach significance based on a Scheffé test with a critical value at the .05 level of S = 2.36. Lastly, no significant effect of food cues were found when participants were food deprived, t(10) = 1.25, p = .24. Figure 4a shows the means for the proportion of self-control for each third of the session (block; Trials 1-5, 6-10, and 11-15) for each experimental condition. A three-way repeated measures ANoVA conducted on the proportion of self-control data yielded no significant main effect of food cues, F(1, 10) = 1.51, p = .25; a significant effect of deprivation, F(1, 10) =14.03, p = .01; and a significant effect of block, F(2, 10) = 7.40, p < .01. The food cues × deprivation interaction was significant, F(1, 10) = 9.39, p = .01; however, there was no significant interaction between food cues and block, F(2, 20) = 0.07, p = .91; no significant interaction between deprivation and block, F(2, 20) = 0.25, p = .78; and no significant interaction between food cues, deprivation, and block, F(2, 20) = 0.77, p = .47. Given that there was no significant interaction that involved block, the data were collapsed across the conditions for food cue and deprivation to examine the effect of block on self-control. Repeated measures t tests revealed that the proportion of self-control was higher for the first block of trials than for the final block, t(10) = 2.49, p =.03; however, this value failed to reach significance based on a Scheffé test with a critical value at the .05 level of S = 2.86. The proportion of self-control was also higher for the second block compared to the final block, t(10) = 4.14, p < .01. This was significant when compared to a corrected critical value at the .01 level of S = 3.89 on a Scheffé test. Figure 4b shows the means for the satiation ratings during each third of the session (block; Trials 1-5, 6-10, and 11-15) for each experimental condition. A three-way repeated measures ANoVA conducted on the juice desirability rating data yielded no significant main effect of food cues, F(1, 10) = 0.20, p = .66; a significant effect of deprivation, F(1, 10) = 10.63, p < .01; and a significant effect of block, F(2, 10) = 13.37, p < .01. No significant interactions were found between food cues and deprivation, F(1, 10) = 0.16, p = .70; between food cues and block, F(2, 10) = 0.39, p = .68; and between block and deprivation, F(2, 20) = 2.62, p = .10. In addition, the three-way interaction between food cues, deprivation, and block was not significant, F(2, 20) = 0.47, p = .63. Since none of the interactions were significant, the data were collapsed across the conditions for food cue and deprivation to examine the effect of block on satiation. Repeated measures t tests revealed that satiation was significantly higher for the third block of trials than for the first block, t(10) = 3.73, p < .01, or the second block, t(10) = 4.54, p < .01. In addition, satiation was significantly greater for the second block of trials than for the first, t(10) = 3.0, p = .01. The results of all of the above t tests were significant when compared to a corrected critical value at the .05 level of S = 2.86 on a Scheffé test. . Means for the proportion of self-control responses, and juice desirability ratings, respectively, for each third of the session (block; Trials 1-5, 6-10, and 11-15) for each experimental condition Figure 5 shows the means for hunger ratings, soup ratings, and juice ratings across the session. A three-way repeated measures ANoVA conducted on the data for hunger ratings revealed significant effects of deprivation F(1, 10) = 7.04, p = .02, and administration time, F(4, 10) = 30.94, p < .01, but no significant effect of food cues F(1, 10) = 0.77, p = .40. In addition, significant interactions were found between food cues and administration time, F(4, 40) = 3.28, p = .02, and between deprivation and administration time, F(4, 40) = 34.43, p < .01. In contrast, no significant interaction was found between food cues and deprivation, F(1, 10) = 0.01, p = .94. Furthermore, the threeway interaction was not significant , F(4, 40) indicated no significant differences for any condition between the at-arrival and before-soup rating periods, t(10) = 0.43, p = .68, for the no food cues/deprivation condition; t(10) = 1, p = .34 for the food cues/deprivation condition; t(10) = 1.49, p = .17, for the no food cues/no deprivation condition, and t(10) = 1.40, p = .19, for the food cues/no deprivation condition. A significant decrease in hunger was found between the after-soup waiting period and before-soup waiting period for the no food cues/no deprivation condition, t(10) = -6.18, p < .0001, and for the food cues/no deprivation condition, t(10) = -6.59, p < .0001. Both of these tests were significant when compared to a corrected critical value at the .01 level of S = 3.91 on a Scheffé test. In contrast, no significant differences were found between the after-soup waiting period and before-soup waiting period for the no food cues/deprivation condition, t(10) = 1.0, p = .34, and for the food cues/deprivation condition, t(10) = 1.15, p = .28. In addition, no significant differences in hunger were found between the after-soup waiting period and after juice for the no food cues/no deprivation condition, t(10)= -1.19, p = .26, for the food cues/no deprivation condition, t(10) = -1.84, p = .09, and for the food cues/deprivation condition, t(10) = -1.04, p = .32. The hunger decreased between the after-soup waiting period and after-juice period for the no food cues/deprivation condition, t(10) = -2.57, p = .03, however, this value was not significant when compared to a corrected critical value at the .05 level of S = 3.23 on a Scheffé test. No significant differences for any condition between after juice and prior to leaving were found, t(10) = 1.24, p = .24, for the no food cues/deprivation condition, t(10) = 0.90, p = .39, for the food cues/deprivation condition, t(10) = -1.0, p = .34, for the no food cues/no deprivation condition, and t(10) = 0.1, p = .99, for the food cues/no deprivation condition. A three-way repeated measures ANoVA conducted on the data for soup ratings revealed significant effects of deprivation, F(1, 10) = 8.60, p = .01 and administration time, F(4, 10) = 53.25, p < .01, but no significant effect of food cues, F(1, 10) = 0.75, p = .41. In addition, a significant interaction was found between deprivation and administration time, F(4, 40) = 31.22, p < .01. In contrast, no significant interaction was found between food cues and deprivation, F(1, 10) = 0.11, p = .75 and between food cues and administration time, F(4, 40) = 0.26, p = .76. Furthermore, the three-way interaction was not significant, F(4, 40) = 0.23, p = 92. Follow-up t tests were conducted on the data for soup ratings collapsed across the food cue conditions. No significant differences in soup ratings were found when after-arrival and before-soup waiting periods were compared for the deprivation conditions, t(10) = -1.79, p = .10, and when the before-soup waiting period was compared to the aftersoup rating period, t = 0.0, p = 1.0. Soup ratings increased when the afterarrival and before-soup waiting periods were compared for the nondeprivation conditions, t(10) = 3.13, p = .01; however, this was not significant when compared to a corrected critical value at the .05 level of S = 3.23 on a Scheffé test. Soup ratings significantly decreased when the before-soup and aftersoup rating periods were compared, t(10) = 7.56, p < .001, and significantly decreased for the deprivation conditions when the after-soup waiting period was compared to the after-juice period, t(10) = -3.66, p < .004. The results for both of these t tests were significant when compared to a corrected critical value at the .05 level of S = 3.23 on a Scheffé test. In contrast, soup ratings did not significantly differ during these periods for the nondeprivation conditions, t(10) = -1.33, p = .21. Soup ratings did not change significantly when the after-juice and the prior-to-leaving periods were compared for the nondeprivation conditions, t(10) = -1.39, p = .19, and for the deprivation conditions, t(10) = -1.04, p = .32.
A three-way repeated measures ANoVA conducted on the data for juice ratings revealed only significant effects of deprivation, F(1, 10) = 6.28, p = .03, administration time, F(4, 10) = 33.97, p < .01, but no significant effect of food cues F(1, 10) = 0.08, p = .79. In addition, a significant interaction between deprivation and administration time was found, F(4, 40) = 12.21, p < .01. In contrast, no significant interaction was found between food cues and deprivation, F(1, 10) = 0.09, p = .77. The interaction between food cues and administration time was nearly significant, F(4, 40) = 2.59, p = .051. The three-way interaction was not significant, F(4, 40) = 0.20, p = 94. Follow up t tests were conducted on the data for juice ratings collapsed across the food cue conditions. No significant differences in juice ratings were found when after-arrival and before-soup waiting periods were compared for the deprivation conditions, t(10) = 0.61, p = .55 and the non-deprivation conditions, t(10) = −0.21, p = .83. Juice ratings were also not significantly different for the deprivation conditions when the before-soup rating period was compared with the aftersoup rating period, t(10) = 0.0, p = 1.00. In contrast, juice ratings significantly decreased during this period for the nondeprivation conditions, t(10) = -5.70, p = .0002. Juice ratings also significantly decreased between the after-soup waiting period and the after-juice period for the deprivation conditions, t(10) = −4.68, p = .0009, and for the nondeprivation conditions, t(10) = -3.86, p = .0031 All three of these t tests were significant when compared to a corrected critical value at the .05 level of S = 3.23 on a Scheffé test. When juice ratings were compared between the after-juice period and the prior-to-leaving period, no significant differences were found for the deprivation conditions, t(10) = 1.15, p = .28, or the nondeprivation conditions, t(10) = -0.58, p = .57.
discussion
This experiment examined the effects of visual food cues and deprivation on the choice behavior of nondieting adult human females in a selfcontrol paradigm. The major findings of this experiment were as follows: no significant main effect of food cues, a significant main effect of deprivation, and an interaction between food cues and deprivation.
The main effect of deprivation finding from the present experiment seems to contradict Kirk and Logue's (1997) research that demonstrated less self-control when participants were deprived. In the current experiment the main effect was in the opposite direction (i.e., greater self-control in the deprivation conditions than in the nondeprivation conditions). This current finding is consistent with other data obtained in the current experiment, which demonstrated proportion of self-control decreasing as a function of trials in the session, as well as desirability for juice (an indication of satiation) decreasing as a function of trials in the session. These data suggest less self-control when less deprived, which is consistent with our main effect for deprivation. Note that although Kirk and Logue obtained trial data similar to that of the current experiment (i.e., decreasing self-control as a function of trials, as well as decreased desirability for juice), those data are incongruous with their overall main deprivation effect.
This inconsistency in deprivation effects between the current experiment and Kirk and Logue's (1997) experiment could be accounted for by a difference in participants in the experiments. Whereas the current experiment used nondieters only, Kirk and Logue examined both dieters and nondieters. Although Kirk and Logue found no differences in self-control as a function of deprivation for dieters and nondieters, because the data were collapsed across dieters and nondieters, it is not possible to determine just how much the dieters' data may have contributed to the findings. This is especially important considering previous findings demonstrating differences between dieters and nondieters; that is, less self-control has been demonstrated in dieters compared to nondieters (Forzano & Logue, 1992; Logue & King, 1991) , and Kirk and Logue's self-control proportions seem to be considerably lower than those of the current experiment. Furthermore, it should be noted that in the nonhuman literature, many inconsistencies in deprivation of food effects have been demonstrated (Bradshaw & Szabadi, 1992; eisenberger & Masterson, 1987; eisenberger et al., 1982; Logue & Peña-Correal, 1985) , and perhaps we are seeing that in these human experiments as well. As evidence of this inconsistency in the human literature, experiments depriving adults of reinforcers other than food-for example, having smokers abstain from cigarettes or having opiod-dependent people abstain from heroin-have shown mixed results: Abstinence has been reported to be associated with greater self-control (Yi et al., 2008) and less self-control (Giordano et al., 2002; Mitchell, 2004) . Additional research could examine the differences in the effects of deprivation on dieters and nondieters and could also examine the effects of brief and longer term deprivation.
This inconsistency in deprivation effects between the current experiment and Kirk and Logue's (1997) experiment could also be accounted for by another difference in participants in the experiments. The current experiment used only participants whose juice consumption was at least moderately correlated with the duration of access to the juice. In contrast, Kirk and Logue did not examine the relationship between self-control choices and the overall amount of reinforcement received. In fact, although Kirk and Logue (1997) found less self-control when participants were deprived, in contradiction, they found more juice consumed when participants were deprived.
Hunger, soup, and juice ratings all decreased following soup for the nondeprivation conditions and remained relatively stable at this lower level thereafter. Hunger ratings and soup ratings decreased slightly following juice, while juice ratings decreased sharply following juice, for the deprivation conditions. These curves are consistent with those obtained from previous research that has examined the effects of deprivation on self-control (Kirk & Logue, 1997) .
The results of the current experiment demonstrate that food deprivation modifies the effects of food cues. In the food-deprived conditions, food cues have no effect on self-control. This finding is consistent with Forzano and Corry's (1998) main effect for food cues. This finding is not consistent with the cephalic phase hypothesis, which suggests that the availability of food during the experimental session causes an elevation in a participant's insulin levels, and further increases hunger in participants, thus making self-control less likely (Logue, 1991) . Perhaps in the food-deprived conditions there is a ceiling effect, in that the insulin levels are already high and food cues have no added impact.
The current finding in the food-deprived conditions is consistent with Forzano and Corry's (1998) results indicating that the food cues manipulation has different effects on self-reported dieting and nondieting participants. In Forzano and Corry's experiment, dieters tended to exhibit somewhat less self-control when food cues were present than when food cues were absent. In contrast, nondieters appeared not to change their choices as a function of the food cues manipulation. These results suggest that the food cues effect may be more prevalent in dieters (i.e., restrained eaters), as demonstrated in previous research that exposure to food cues increases eating, especially in restrained eaters (Fedoroff, Polivy, & Herman, 1997) . Perhaps when dieters are deprived they become more sensitive to delay, relative to the amount of reinforcement. The current experiment included nondieters only. These results suggest that investigating the effects of food cues and deprivation in dieters is warranted. Furthermore, assessing participants' prior experience with dieting and deprivation may be useful, as other research has demonstrated that experience with contingencies affects sensitivity to contingency manipulations (Brandt & Pietras, 2008) .
on the other hand, in the non-food-deprived conditions, the participants in the current experiment (all nondieting) demonstrated more self-control; hence they received more juice when food cues were present compared to when food cues were absent. When deprived, regardless of food cues, participants choose to wait longer to receive a larger amount of reinforcer. In contrast, when participants were not hungry, they choose to wait longer to get more only when food cues were present. These findings are consistent with deprivation research demonstrating that participants eat more both when they are deprived and when food cues are present (Drobes et al., 2001; Raynor & epstein, 2003) . In addition, perhaps nondieting participants become more sensitive to amount of reinforcement relative to delay of reinforcement. examining differences between dieters and nondieters in relative sensitivity of amount and delay of reinforcement as a function of food cues and deprivation is warranted.
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